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© Chip-forming machine tool with spindlehead provided with three degrees of freedom. 



© The machine includes a first central support 
(19), which is rotatably supported by the frame (17) 
of the spindlehead (12), and a second planetary 
support (21), which eccentrically supports the spin- 
dle (22) and is rotatably and eccentrically supported 
by the central support (19); the first and second 
supports are suitable for producing, by virtue of the 
combination of their mutual rotary motions, move- 
ments of the spindle in two mutually perpendicular 
directions; the spindlehead is in turn supported by a 
slider (18) with the possibility of moving along a third 
direction (z) which is perpendicular to the first two. 
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The present invention relates to a chip-forming 
machine tool provided with a spindlehead having 
three degrees of freedom, this expression indicat- 
ing the fact that the spindle can move in space 
along a set of three Cartesian axes. 

More precisely, the invention relates to ma- 
chine tools in which the rotation axis of the spindle 
is parallel to an axis of the Cartesian set of three 
axes, for example the "2" axis, and in which said 
spindle can move, while maintaining its own rota- 
tion axis parallel to the "2" axis, in the direction of 
two further perpendicular axes V and "y" as well 
as along the direction of said "z" axis. 

As known, current machine tools with three 
degrees of freedom use, for the movement of the 
spindlehead, a set of three mutually perpendicular 
sliders which are respectively parallel to the set of 
three reference axes; said sliders are mutually rig- 
idly associated and can slide with respect to one 
another. 

This known and widespread movement system 
has several disadvantages, which mostly include its 
overall bulk, the difficulty in achieving a high de- 
gree of precision (since the plays of the various 
cascade couplings add to one another), and the 
complexity of the mechanisms for the straight-line 
movement of the sliders. 

The aim of the present invention is to eliminate 
these disadvantages, and within the scope of this 
general aim, an important object of the invention is 
to provide a machine tool with a spindlehead hav- 
ing three degrees of freedom which, for an equal 
range of movements of the spindle, has a modest 
bulk which is reduced by approximately 40% with 
respect to known arrangements with perpendicular 
sliders. 

Another important object of the present inven- 
tion is to provide a machine tool with a spindlehead 
having three degrees of freedom which is suitable 
for allowing a high degree of precision in the move- 
ments of the spindle. 

A further important object of the present inven- 
tion is to provide a machine tool with a spindlehead 
having three degrees of freedom which is suitable 
for allowing a considerable simplification of the 
mechanisms for the movement of the spindle par- 
allel to the set of three reference axes. 

A further object of the invention is to improve 
the overall structure of machine tools of the speci- 
fied type by making it more compact, less sensitive 
to the state of wear and maintenance of the contact 
surfaces, and more suitable for automated manage- 
ment by means of known numeric-control systems. 

This aim, these important objects and others 
which will become apparent from the following de- 
tailed description, are achieved by a chip-forming 
machine tool with at least one spindlehead having 
three degrees of freedom, according to the present 



invention, characterized in that said spindlehead 
comprises a first central support which is rotatably 
supported by a rigid frame of said spindlehead, 
and a second planetary support, which eccentri- 
5 cally supports the spindle and is rotatably and 
eccentrically supported by the central support; said 
first and second supports being suitable for pro- 
ducing, by virtue of the combination of their mutual 
rotary motions, movements of said spindle in two 

10 mutually perpendicular directions; said spindlehead 
being in turn supported by a slider with the pos- 
sibility of moving along a third direction which is 
perpendicular to the first two. 

According to the invention, therefore, the 

75 movements of the spindle along two of the refer- 
ence axes are defined by the polar coordinates of 
the central support with respect to the spindlehead 
and by the polar coordinates of the planetary sup- 
port with respect to the central one, and for this 

20 purpose the planetary circular path passes through 
the center of rotation of the central support; the 
term "planetary" is used to indicate the path fol- 
lowed by a point of the axis of the spindle by virtue 
of the rotation of the planetary support alone. 

25 Accordingly, the maximum stroke of the spin- 
dle along said two perpendicular axes is equal to 
twice the diameter of the planetary circular path, 
and said diameter is in turn equal to the radius of 
the maximum central circular path; the term 

30 "central" is used to indicate the path followed by a 
point of the axis of the spindle by virtue of the 
rotation of the central support alone. 

Further characteristics and advantages of the 
present invention will become apparent from the 

35 following detailed description thereof with reference 
to the accompanying drawings, given by way of 
non-limitative example, wherein: 

figure 1 is a perspective view of the machine 
according to the present invention; 

40 figure 2 is a schematic perspective view of a 
detail of the kinematic systems of the spind- 
lehead; 

figure 3 is a similar perspective view of another 
detail of the spindlehead; 
45 figure 4 is a partial axial longitudinal sectional 
view of the spindlehead; 

figure 5 is a plot of the polar coordinates of a 
generic point of the axis of the spindle; 
figures 6 and 7 are plots of the configurations of 
50 the system for movements of said point of the 
axis of the spindle along two perpendicular axes 
"x" and "y" respectively. 
In the drawings, the reference numeral 10 gen- 
erally indicates the machine tool, which comprises 
55 a supporting table 11 and a spindlehead 12 which 
is supported so as to be slidable on guides 13 of 
the table which define a spindle movement direc- 
tion, for example direction "2". of a set of three 
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perpendicular reference axes "x" t "y" and H z". A 
positioning motor 14 and an actuation screw 14a 
associated with the motor move the head 12 along 
the guides 13 in a known manner. 

Laterally with respect to the head 12, the table 
is provided with a tool magazine which is com- 
posed of a plurality of supports 15 for tools con- 
nected by links of chains 16 which cooperate with 
traction sprockets driven by a motor which is not 
illustrated in the figure. 

The spindlehead 12 comprises a rigid frame 
17, which is supported by a slider 18 which can 
slide along the guides 13 of the table, a first central 
cylindrical support 19, which is rotatably supported 
by the frame 17 by means of bearings 20, and a 
second planetary cylindrical support 21, which 
bears the spindle 22 and is rotatably supported by 
the central support 19 by means of bearings 23. 

As clearly shown in the figures, the spindle 22 
is arranged eccentrically on the planetary support, 
and its rotation axis "a" is offset by an amount R1 
with respect to the rotation axis "b" of the support 
21. Therefore, when the planetary support 21 
rotates with respect to the central support 19, a 
generic point of the axis "a" of the spindle defines 
a planetary circular path "t" which has a radius R1 
and is centered on the rotation axis "b" of the 
planetary support 21. Similarly, the planetary sup- 
port 21 is eccentrically supported by the central 
support 19, and the rotation axis "b" of the support 
21 is axially offset by an amount R1 with respect to 
the axis of rotation V of the central support 19. 
Accordingly, the planetary path "t" of the spindle 
passes through the rotation axis of the central 
support 19, and the maximum stroke of the spindle, 
along two perpendicular axes "x" and "y" the 
origin of which lies on the axis "c", is equal to 
twice the diameter of the planetary path T\ said 
diameter being in turn equal to the radius R2 of the 
maximum central circular path T, i.e. of the maxi- 
mum path traced by a point of the axis of the 
spindle by virtue of the rotation of the support 19. 

A peripheral helical gear 24 is provided on the 
central support 19, and a worm screw 25 meshes 
therewith; said worm screw is actuated, by means 
of a transmission provided with a toothed belt 26, 
by a central positioning motor 27 (figure 2). 

Similarly, a peripheral helical gear 28 is pro- 
vided on the planetary support 21 (figure 3), and a 
worm screw 29 meshes therewith; said worm screw 
is actuated by a planetary positioning motor 31, 
with an interposed bevel gear transmission 30. The 
adoption of screw/gear pairs is advantageous in 
terms of the non-reversibility of the motion and of 
the consequent stability of the positions of the 
spindle even when the stress of the tool discharges 
thereon. 

A third actuation motor 32 provides the working 
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rotation of the shaft 33 of the spindle by means of 
a transmission shaft 34 which is coaxial to the 
support 21 and is actuated by a set of three 
transmission gears 35-36-37 which connect the 
5 motor 32 to the shaft 34 and by a further pair of 
transmission gears 38-39 which connect the trans- 
mission shaft 34 to the spindle shaft 33. A fluid- 
actuated cylinder 40 is arranged on the spindle 
shaft 33 to open and close the jaws of the spindle 

io in a per se known manner. 

From the above description it is evident that 
the movements of the spindle 22 along the refer- 
ence axes "x" and "y" are defined by the polar 
coordinate a of the central support 19 with respect 

/5 to the frame 17 of the head and by the polar 
coordinate jS of the planetary support 21 with re- 
spect to the central support 19; the spindle can 
position itself in any point of the circular area 
having radius R2 = 2R1. 

20 Angular sensor means (not illustrated), for ex- 
ample known encoders, are provided in order to 
detect the angular position of the supports and 
provide corresponding positioning data to a micro- 
processor which provides the numeric control of 

25 the machine in a per se known manner. 

The plot of figure 5, which is immediately un- 
derstandable, shows the configurations of the sys- 
tem for movements of the spindle along the "x" 
axis, and the plot of figure 6 shows the similar 

30 configurations of the system for movements along 
the "y" axis. 

Preferably, according to the invention, the cen- 
tral support 19 and the planetary one 21 counter- 
rotate. 

35 Naturally, without varying the concept of the 
invention, the details of execution and the embodi- 
ments may be extensively varied with respect to 
what has been described by way of non-limitative 
example without thereby abandoning the scope of 

40 the invention. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
ence signs have been included for the sole pur- 
pose of increasing the intelligibility of the claims 

45 and accordingly, such reference signs do not have 
any limiting effect on the scope of each element 
identified by way of example by such reference 
signs. 

so Claims 

1. Chip-forming machine tool with at least one 
spindlehead having three degrees of freedom, 
characterized in that said head (12) comprises 
55 a first central support (19) which is rotatably 

supported by a rigid frame (17) of said spind- 
lehead (12) and a second planetary support 
(21) which eccentrically supports the spindle 
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(22) and is rotatably and eccentrically sup- (32) and said spindle shaft (33). 

ported by the central support (19); said first 
(19) and second (21) supports being suitable 
for producing, by virtue of the combination of 
their mutual rotary motions, movements of said 5 
spindle (22) in two mutually perpendicular di- 
rections (x-y); said spindlehead being in turn 
supported by a slider (14) with the possibility 
of moving along a third direction (z) which is 
perpendicular to the first two (x-y). io 

2. Machine tool according to claim 1, character- 
ized in that the planetary circular path (t) of the 
spindle (22) passes through the center of rota- 
tion (c) of the central support (19) and in that 15 
the maximum central circular path (T) has a 
radius equal to the diameter of the planetary 
path (t). 

3. Machine tool according to claims 1 and 2, 20 
characterized in that the spindle (22) can be 
positioned in any point of a circular surface 
having a radius which is equal to the diameter 

of the planetary path (t), the generic position of 
the spindle (22) being defined by the polar 25 
coordinate of the central support (19) with re- 
spect to the frame (17) of the spindlehead (12) 
and by the polar coordinate of the planetary 
support (21) with respect to the central one 
(19). 30 

4. Machine tool according to claims 1 to 3, char- 
acterized in that the central support (19) is 
cylindrical and is supported by the frame (17) 

of the head (22) with rolling bearings (20) inter- 35 
posed therebetween. 

5. Machine tool according to claims 1 to 3, char- 
acterized in that the planetary support (21) is 
cylindrical and is supported by the central sup- 40 
port (19) with rolling bearings (23) interposed 
therebetween. 

6. Machine tool according to claims 1, 4 and 5, 
characterized in that the central support (19) 45 
and the planetary one (21) are provided with 
peripheral helical gears (24;28) with which re- 
spective worm screws (25;29) mesh, said 
worm screws being actuated by corresponding 
positioning motors (27;31). 50 

7. Machine tool according to the preceding 
claims, characterized in that the spindle shaft 
(33) is actuated by a respective actuation mo- 
tor (32) by means of a transmission shaft (34) 55 
which is coaxial to the planetary support (21) 

and by means of gears (35-39) interposed be- 
tween said transmission shaft (34), said motor 
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